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Abstract-- The National Aeronautics and Space

Administration (NASA) has been involved for nearly a

decade in the development and updating of propagation

handbooks to document the results of NASA Propagation

Program efforts and other related measurements, studies

and programs involving earth-space propagation. This

paper describes the progress and accomplishments in the

development of the Fourth Edition of the NASA

Propagation Effects Handbook for Satellite Systems

Design, for frequencies from i0 to i00 GHz, NASA

Reference Publication 1082(04), dated May 1988,

prepared by Westinghouse Electric Corporation for the

Jet Propulsion Laboratory, JPL (Ippolito, 1988).

i. Introduction

The NASA Propagation Effects Handbook for

Satellite Systems Design was first published in March

1980, and the document has been updated several times.

The NASA handbook was conceived as an evolving document

and has continually strived to provide relevant

information for both the propagation specialist and the

satellite systems designer/planner.

The first edition, published as
a contractor report

(ORI Inc., Technical Report 1905, March 1980) , was

updated the following year by ORI and published as NASA
Reference Publication 1082 (Ippolito, Kaul, and

Wallace, 1981). Two years later, the Third Edition was

developed for NASA Headquarters by ORI and published as

NASA Reference Publication 1082(03) , (Ippolito, Kaul

and Wallace, 1983). All of the above documents focused

on propagation impairments on earth-space links

operating in the i0 to i00 GHz frequency bands. A

companion handbook, Propagation Effects on Satellite

Systems at Frequencies Below i0 GHz (Flock, 1983) was

also developed for the lower frequency bands. A Second

Edition of that handbook has been published recently

(Flock, 1987).
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served as

planner in
satellite

I0 GHz.

Several hundred copies of the Propagation Handbooks

have been distributed by NASA Headquarters, and they

have been referenced extensively in numerous government

and civil projects. Comments back to the authors

indicate that the earlier editions of the Handbook have

a useful resource to the system designer and

the evaluation of propagation impairments on

links operating in the frequency bands above

In the

published,

analysis

five years since the Third Edition was

there have been many new developments in the

and evaluation of propagation effects on space

nications, as well as continuing growth of

opmental and operational systems in the K u,

and EHF frequency bands, for civil, government

international applications. The objective of the

opment of the Fourth Edition was to document these

developments and incorporate the new technology
to keep the document up to date

the rapidly expanding area of

i0 GHz.

commu

devel

K a ,
and

devel

new

areas into the Handbook

and relevant in

communications above

2. Development of the Fourth Edition

Updating of the Handbook was initiated in January 1988

by a compilation of new reference material and
discussions with several of the major propagation

experimenters and space communications organizations.

Updated reference lists and descriptions of recent work

were received from several organizations, including VPI

&SU, the U. of Texas, and COMSAT. Their cooperation

and help in the development of the Fourth Edition is

greatly appreciated.

Since a camera ready copy or an electronic copy of the

Third Edition was not available, the first step in the

development of the new edition was accomplished by

optically scanning clean copies of the earlier edition,

utilizing a Kurzweil 4000 optical character reader. An

electronic copy of the document was then generated

using the Xerox Star 8010 System. This allowed for

easier editing as the document revisions were

developed.

Major revisions were generated in all seven chapters,
with over one hundred and twenty pages of new text and

figures produced, in addition to re-writes and text

revisions.

The final draft copy of the Fourth Edition was
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submitted to JPL on April 29, 1988. Completion of the

camera ready copy, originally planned for June 1988,

has been deferred pending completion of the draft

review by JPL reviewers.

(FEC),

impairments.

contents of

handbook.

Figure 1 presents a

each chapter of the

3. Major Revisions and Additions

The handbook is arranged in two parts to facilitate

efficient reference and application of the information.

Chapters II through V comprise the descriptive part,
which describes the propagation effects, prediction

models, and available experimental data bases.

Chapters VI and VII make up the system desiqn portion
of the handbook. In Chapter VI design techniques and

prediction methods available for evaluating propagation
effects on Earth-space communications systems are

presented. Chapter VII addresses the system design

process and how the effects of propagation on system

design and performance should be considered. Chapter

VII also covers several mitigation techniques, such as

site diversity and adaptive foward error correction

useful for overcoming adverse propagation

summary of the major

Fourth Edition of the

Major revisions and additions to Chapters I through VI

of the Fourth Edition include:

o

o

o

o

o

o

updated versions of CCIR prediction models for

gaseous attenuation, rain attenuation

statistics, and depolarization (CCIR, 1986),

addition of a new fog attenuation prediction

procedure (Altshuler, 1984) ,

replacement of the VPI&SU Piecewise Uniform
Rain Rate Model with the Simple Attenuation

Model (SAM), (Stutzman and

new information on fade

low elevation angle

depolarization,

new data measurements and

statistics for rain

fade statistics, and

and

updating of the
1988.

Yon, 1986),

duration statistics,

effects, and ice

propagation

rate, rain attenuation,

rain/ice depolarization,

reference lists through early
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Chapter VII contains extensive new material on new

applications, including SS/TDMA, on-board processing
satellites, and VSAT systems. Descriptive material on

several representative advance satellite systems have

been added, including: ACTS, INTELSAT VI, FLTSATCOM,

DSCS III, OLYMPUS, ITALSAT, and ATDRSS. New

information on rain fade mitigation techniques has been

added, including orbit diversity, power control, and

adaptive FEC.

Extensive sample calculations and examples are included

throughout the handbook to highlight key analysis and

prediction procedures. Table 1 summarizes the

propagation calculation examples provided in Chapter

VI, and Table 2 lists the example system analysis

procedures provided in Chapter VII.

Figures 2 through 9 present examples of some of the new

material included in the handbook.

4. Summary

The final

Propagation

Design, I0
under final

development

summary of

draft of the Fourth Edition of NASA's

Effects Handbook for Satellite Systems

to I00 GHz, has been completed and is now

review by JPL. This paper has reviewed the

process for the new edition and presented a

the major additions and revisions included

in the handbook.

copies of the Fourth Edition will be available through

NASA Headquarters, Communications and Information

Processing Division, Washington, D.C., at the

completion of the review and reproduction process,

currently anticipated for the fall of 1988.
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CHAPTER I INTRODUCTION

Overview of Propagation Effects

CHAPTER II CHARACTERISTICS OF RAIN ATTENUATION

Types and Spatial Distributions of Rain

Specific Rain Attenuation

Rainfall Data

CHAPTER III RAIN AND RAIN ATTENUATION MODELS

Rlce-Holmberg Model

Outton-Dougherty Model

Global Model

Two-Component Model

CClR Model

Un Model

Simple Attenuation Model (SAM)

Chapter IV DEPOLARIZATION ON EARTH-SPACE PATHS

Classical Formulation

Rain Induced Depolarization

Ice Polarization

CHAPTER V PROPAGATION DATA BASES

Cumulative Attenuation Statistics

Temporal Distribution of Fades

Fade Duration

Depolarization Statistics

Phase and Amplitude Dispersion

CHAPTER VI PREDICTION TECHNIQUES

Gaseous Attenuation

Cumulative Rain Attenuation Statistics

Cloud, Fog, Sand and Dust Attenuation

Signal Fluctuations and Low-Angle Fading

Rain and Ice Depolarization

Bandwidth Coherence

Sky Noise

CHAPTER VII APPUCATION OF PROPAGATION PREDICTIONS TO

EARTH-SPACE TELECOMMUNICATIONS SYSTEMS DESIGN

System Performance Criteria

Recent Satellite Technology

Representative Systems

Design Procedures
Rain Fade Mitigation Techniques

Figure 1 Contents of the Fourth Edition
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fluctuation due to tropospheric
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Estimates Of variance of phase and angle- 6-101
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7 -66

7 -89
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Chapter VII
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in Chapter VII
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Figure 9 Power Control Techniques described

in Chapter VII
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